P ediatric emergency departments (EDs) are frequently considered stressful places for both children and their families. 1 Children often arrive at the ED in distress and pain due to illness or injury.
2 Intravenous (IV) cannulation is commonly performed in the ED as the first point of treatment to deliver drugs, fluids, or medications. 3 Needles are a common cause of fear in children and can accentuate the pain and distress pediatric patients experience from their original injury or illness. 4 Most children have little understanding of, or choice, in relation to these medical procedures. This lack of control can exacerbate fear and pain in children, 5 leading to adverse impacts on both their short-and long-term psychological health, and their compliance with further procedures. 6 To offer a sense of control and predictability for children undergoing medical procedures, preparation is effective in providing information regarding the upcoming procedure. This includes the procedural steps, medical apparatus, and smells involved in the process. 2, 7 Clinical barriers such as the busy environment, and staff time pressures can reduce the abilities of staff to offer one-on-one, developmentally appropriate procedural preparation for children. 3 Attention-based nonpharmacological approaches, including the use of toys, handheld video games, and parental distraction, are increasingly used in children to manage pain and distress during medical procedures. 8 Distraction via attention-based approaches is consistent with the gate-control theory of pain. This proposes that diversion of attention away from painful stimuli can modify pain messages reaching the brain; reducing a person's experience of pain. 9, 10 Although conventional attention-based interventions have been shown to effectively moderate pain experiences in well children during routine needle-related procedures such as childhood immunizations, there remains limited evidence of their effectiveness with sick or injured children in the acute ED setting. 11 Similar to preparatory interventions, these conventional interventions may require additional effort by staff to set up, implement, and monitor, thereby reducing their practicality for pain relief in the busy ED environment. 12 The use of customized technology as an attention-based approach is a promising alternative to conventional interventions. Electronic devices are becoming an integral part of people's daily lives, and such devices are often appealing to children. 13 A customized multimodal distraction (MMD) device, Ditto (Diversionary Therapy Technologies, Brisbane, Australia) ( Fig. 1) is more effective in reducing child-reported, caregiver, and nursing staff-perceived pain and distress levels during child and adolescent burns wound care, than off-the-shelf devices and other conventional forms of distraction.
14 The use of MMD technology for pain relief via Ditto can provide customized procedural preparation content that is medically relevant and developmentally appropriate for young children. It also provides distraction games that allow the user to become immersed in multisensory stimuli which conventional forms of distraction do not always offer. 15 Given its intuitive design and customized content for children, the Ditto could minimize demands on ED staff and increase the likelihood for clinical uptake in this acute setting. Utilization of the customized Ditto device to alleviate pediatric pain and distress levels during IV cannulation in the ED therefore warrants further investigation.
The aim of this research was to examine which among 5 types of interventions has a greater impact on reducing pain and distress for children aged 3 to 12 years, undergoing IV cannulation in the ED. It is hypothesized that the use of Ditto will result in significant reductions in reported and observed pain and distress levels in children undergoing IV cannulation, when compared with standard distraction protocols in the ED.
METHODS

Participants
Children accessing the ED at the Royal Children's Hospital, Brisbane, Australia, were recruited for this study if they were (1) aged 3 to 12 years and (2) required an IV cannulation procedure while the research assistant was present in the ED. Children were excluded if they (1) were unconscious or required highlevel medical care, (2) had cognitive difficulties impacting the use of self-report outcome measures, (3) had uncorrected visual impairment impacting the effective use of interventions, or (4) were non-English speaking.
Recruitment occurred during a 10-month period from March 2011 until July 2012 when the research assistant was available to be present in the ED. During this data collection period, 100 potential participants met the selection criteria, of which 99 were recruited. One participant was not enrolled as the timing of IV cannulation coincided with another procedure. Informed consent was obtained from caregivers, and child assent was gained from children older than 8 years. Due to a caregiver withdrawing consent, one participant discontinued participation in the study, resulting in a total of 98 participants completing the study. Refer to CONSORT participant flow chart illustrated in Figure 2 . Following consent, randomization of participants to one of the 5 intervention groups was completed: (1) Standard Distraction (StDis), (2) PlayStation Portable (PSP) (Sony, Japan), (3) Ditto Distraction (Ditto-D), (4) Ditto Procedural Preparation (Ditto-PP), and (5) Ditto Combined Procedural Preparation and Distraction (Ditto-C). These intervention groups are described in detail later. Block randomization was performed and allocation occurred through the use of consecutively numbered, sealed opaque envelopes. Researchers, clinicians, and participants were blinded to the randomization process.
Ethical approval was obtained from The Royal Children's Hospital and Health Service District Human Research Ethics Committee, and The University of Queensland Human Research Ethics Committee.
Interventions
Participants receiving StDis had access to toys, nursing, and caregiver interaction as per standard protocol in the ED. The PSP group had access to a Sony handheld PSP and age appropriate games, whereas the Ditto-D group had access to the Ditto device, during the IV cannulation procedure, as a form of distraction. Distraction content provided with the PSP console included interactive games, whereas Ditto provided both interactive games and stories. Participants in the Ditto-PP group were given access to an interactive procedural preparation story, "Bobby Gets an IV Cannula," before the cannulation procedure (Fig. 3) . "Bobby," a character in the story informs the child about the steps in the upcoming procedure and what the child can do to help staff during the procedure. The Ditto-C group had access to the Ditto device for both the procedural preparation story before IV cannulation, and interactive stories and games as distraction during the procedure.
The Ditto is an MMD device developed to engage young children (3-12 years) undergoing medical procedures, via the use of customized technology which provides clinically relevant and developmentally appropriate procedural preparation stories and distraction content. 15 The distraction stories and games use multisensory stimuli including animated visual content, sound, and vibration to divert a child's attention away from painful and distressing medical procedures. This interactive handheld device allows the user to engage with the device via its touch-screen features and through movement of the device. 16 The Ditto can be used 1-or 2-handed without necessitating precise fine-motor manipulation, and has an intuitive interface for users, reducing the need for staff to facilitate its use. 17 
Clinical Measures
Baseline information regarding participants' demographics including age, sex, reason for admission to ED, and previous IV cannulation was recorded via caregiver and medical staff reports. Participants' reasons for admission to ED were retrieved from medical records and categorized as follows: trauma, gastrointestinal, or generic medical conditions.
Pain intensity and distress levels were obtained via child selfreport, and caregiver and nursing-staff observational reports using the measures described later. Pain intensity and distress levels were measured at 3 time points as follows: (1) before IV cannulation, (2) during IV cannulation (undertaken retrospectively, within 2 minutes after the end of the procedure), and (3) after IV cannulation (Fig. 4 ).
Wong Baker Faces (FACES) Scale
Children's self-reported pain levels were obtained using the FACES scale-a pictorial scale consisting of 5 faces with emotional expressions, validated for use with children aged 3 years and older. 18, 19 Children were asked to draw a circle around the face that could best represent the amount of pain they were experiencing, which is then numerically represented. The measurement "during IV cannulation" was reported retrospectively, to prevent interruption of the distraction the child was allocated to receive.
Visual Analog Scale
Caregivers reported on their perception of the child's pain level by marking on the visual analog scale (VAS) line between numbers 0 (no pain at all) and 10 (maximum amount of pain). 20 The use of the VAS in this manner has been validated in various medical settings to measure caregivers' perceptions of children's pain such as during immunizations and other needle-related procedures; it is also regarded as a convenient observational measure. 21 FIGURE 3. A scene from the "Bobby Gets an IV Cannula" procedural preparation story. Faces, Legs, Activity, Cry and Consolability Scale Nursing staff used the Faces, Legs, Activity, Cry and Consolability (FLACC) scale to determine perceived distress levels of the child, by observing and scoring 5 behaviors including the child's facial expression, movement and position of legs, activity level, extent of crying, and ease of being consoled, on a scale of 0 to 2 for each behavior. 22 An overall score was generated, ranging from 0 (no distress) to 10 (maximum distress). Nurses perceive the FLACC scale as a practical way of documenting a child's preverbal and nonverbal pain levels. 23 
Procedures
The procedural timeline is represented in Figure 4 . Participants in the Ditto-PP and Ditto-C groups accessed the procedural preparation story via the Ditto device while waiting in the ED, before IV cannulation procedure. Participants in the other 3 groups did not receive procedural preparation. Participants entered the treatment room in the ED individually with their caregivers. Amethocaine topical anesthetic was applied, as per the standard pain relief protocol in the ED. Two minutes before IV cannulation, the first set of pain and distress scores was collected from the child, caregiver, and nurse by the research assistant. Participants then received the distraction intervention according to their randomized group allocation. Retrospective pain and distress scores "during IV cannulation" were collected within 2 minutes after IV cannulation. Twenty minutes after the procedure, a third and final set of pain and distress scores was collected. All data were collected and recorded by a research assistant.
Statistical Analysis
Analyses were completed on an intention-to-treat basis, using SPSS 21.0 (IBM, Armonk, NY). All reported P values are 2-sided and considered significant at P < 0.05. Descriptive statistics were used to summarize baseline demographic characteristics, including means and standard deviations for continuous variables, and frequencies for categorical variables. Homogeneity among groups was assessed to ensure that there were no significant differences in the baseline characteristics of participants. Ages across the 5 groups were compared using the Kruskal-Wallis test. A χ 2 test was used to detect differences between the groups and sex, reason for admission to ED, and previous IV cannulation experience, respectively.
Child self-reported, caregiver-, and nursing staff-observed child's pain and distress levels were compared among the 5 groups, over 3 time points: (1) before, (2) during (but reported retrospectively), and (3) after IV cannulation, by fitting a regression model using generalized estimating equations (GEE). The model was adjusted for covariates of age, intervention group, and reason for admission to ED. Exchangeable structure was selected as the working correlation matrix in the GEE analysis for repeated measurements. 24 Logarithmic transformation was used to transform nonnormal continuous data (VAS variable). Residuals of the fitted model were tested for normality. Raw data of the pain and distress levels were also compared using the Kruskal-Wallis test to detect significant differences at individual time points across the groups.
In pain literature, statistically significant lower pain levels do not always translate to meaningful pain reductions for the child. Clinical significance of pain accounts for reductions that would be noticeable by the child in everyday life. A 20% to 40% pain reduction is considered to be a moderately noticeable difference whereas more than 40% is considered as a child-noticeable reduction. 25 Levels of pain can be classified as mild (0-1), moderate (2-3), and severe (4-5) on the FACES scale, where acceptable pain levels range from mild to moderate. 26 
RESULTS
Sample
Participants' demographic and baseline clinical characteristics are reported in Table 1 . There were no significant differences between the groups. The mean (SD) age was 6.73 (2.71) years and 51% of the participants were female. Reasons for participants' admission to ED were broadly divided into trauma (34%), gastrointestinal (27%), or generic medical (39%) conditions. Fifty-three percent of the participants had had at least one previous IV cannulation.
Procedural Pain and Distress Outcomes
Raw data of procedural pain and distress levels at the 3 time points: (1) before, (2) during, and (3) after IV cannulation are reported in Table 2 .
Child-Reported Pain Intensity
Child self-reported pain scores for children receiving Ditto-C (P = 0.06), PSP (P = 0.41), Ditto-D (P = 0.49), or Ditto-PP (P = 0.88) did not differ significantly from children receiving StDis. In terms of clinical significance, comparing during and after IV cannulation child-reported pain scores, children receiving Ditto-C indicated the greatest amount of reduction in pain (73%), reflecting substantial improvement clinically, compared to children receiving other interventions, which still ranged within clinically significant percentages of 37% to 65% (Table 2) . During the IV cannulation procedure, all groups reported pain levels in the moderate to severe range, scoring 2 to 4 of 5. However, after IV cannulation, PSP and Ditto-C groups brought child-reported pain levels down to the mild range (0-1/5), whereas the other groups remained in the mild to moderate range (1-2/5). The GEE analysis showed that the covariate, age, contributed significantly to the differences in child-reported pain scores, that is, older children reported significantly higher pain scores than younger children (P = 0.02) ( Table 3) .
Caregiver-Reported Pain Intensity
Caregivers whose children received Ditto-C intervention reported significantly lower procedural pain scores compared to caregivers whose children received StDis (P < 0.001), PSP (P = 0.001), Ditto-D (P = 0.02), and Ditto-PP (P = 0.05) interventions (Table 3) . Post hoc tests revealed no significant differences among StDis, PSP, Ditto-D, and Ditto-PP groups for caregiver-reported pain scores. In terms of clinical significance of caregiver-reported pain levels, the Ditto-C group had the greatest reduction in pain scores (85%) between during and after IV cannulation, indicating a substantially important change, compared to children receiving other interventions. For caregiverobserved pain scores, reason for child's admission to the ED was a covariate that contributed significantly higher procedural pain scores when child's ED admission was related to trauma-related conditions as compared to generic medical-related conditions (P = 0.01) ( Table 3) . No other covariates contributed significantly to the outcome measure.
Nursing Staff-Observed Distress Levels
Nursing staff observed significantly lower distress levels in children who received PSP (P = 0.001), Ditto-PP (P = 0.02), and Ditto-C (P = 0.01), as compared to children who received StDis (Table 3) . Among PSP, Ditto-PP, and Ditto-C, there were no significant differences found for nursing staff--observed distress levels.
DISCUSSION Pain Intensity and Distress Levels
This study aimed to assess the impact of a customized technological device, Ditto, on pain and distress levels experienced by children undergoing IV cannulation in the ED. Results support the original hypothesis that providing a combined procedural preparation and distraction approach, through Ditto, results in a greater reduction in pediatric pain and distress associated with the procedure, compared to using the standard distraction protocols. For caregiver-observed child pain levels, the Ditto-C was the most effective intervention. These findings are consistent with similar preparatory and distraction interventions for children undergoing burns dressing changes. 16, 17 To date, however, only conventional distraction methods (eg, watching a video, playing with a toy, or listening to stories) have been used with IV cannulation in pediatric ED and outpatient settings, making comparisons difficult with this trial. 8, 27, 28 Although results of the current study support the use of distraction as a means to reduce pain and distress levels associated with IV cannulation in children, the study also demonstrates the importance of the addition of procedural preparation.
Caregivers and nursing staff observed that children accessing Ditto-C and Ditto-PP had significantly less pain and distress than children accessing StDis and Ditto-D. Procedural preparation stories, supported by previous research and this current trial, offer children a sense of control by empowering them with information regarding the upcoming procedure. Such preparation might also provide caregivers with awareness of the upcoming procedure. 17 The significant reduction in pain and distress observed by caregivers and nursing staff may afford benefits to children, as research indicates that caregivers' attitudes have a direct impact on a child's ability to cope. 29 If caregivers perceive that their child is receiving the best treatment with less pain, they are more likely to be emotionally available to their child for support. Likewise, if staff perceive that a child's distress levels can be managed by the intervention, they are less likely to be stressed about completing the procedure, possibly increasing the chance of achieving a successful cannulation on the first attempt. 8 For participants accessing Ditto-C, there was no significant reduction in child-reported pain scores. In contrast, concurrent observations of reduction in children's pain and distress, as reported by caregivers and nursing staff, were both statistically significant. Two separate studies, investigating effects of distraction on reducing procedural pain experienced during IV cannulation, also noted significant reduction in caregivers and nursing-observed pain and distress behavior in children while recognizing minimal impact on child-reported pain. 30, 31 Thus, seeing no significant impact on child-reported pain levels is not a surprising outcome in the ED. It is postulated that children's fear of needles may have overshadowed their reporting of pain. Although most studies report the statistical significance of reduction in pain levels, few have looked at whether this reduction was clinically significant. Bulloch and Tenenbein 25 suggest that pain scores on the FACES scale should remain below 2, in the mild to moderate range, to be classified as "acceptable" levels of pain. The current study found that none of the interventions kept childreported pain levels within the acceptable mild to moderate range (<2/5) during IV cannulation. Previous work has shown children accessing Ditto-C during outpatient burns dressing changes reported acceptable, mild pain levels. 17 These variations in findings might be related to the different settings and corresponding variation in participant characteristics. Notably, after IV cannulation, PSP and Ditto-C groups brought child-reported pain levels down to the acceptable range, with Ditto-C showing the greatest reduction after 20 minutes.
In most procedural pain literature, younger children tend to report increased pain intensity compared to older children. 32 A contrary finding was observed in this study. Possible reasons for this difference include younger children being more easily distracted and able to switch attention more readily, from painful procedure to distraction stimulus, and conversely, older children being less interested in and not easily distracted by the distraction media presented to them. With high accessibility to technological devices in this era, older children may find distraction via the PSP and the games in Ditto less engaging as compared to the new, pain-provoking procedure. 33 It is interesting to note that caregivers and nursing staff did not consider age as a significant factor influencing children's pain levels. Further studies might consider grouping participants according to different age groups to investigate the effect across different developmental periods.
Clinical Utility
To date, most investigations explored the use of conventional distraction approaches for children in ED, which require caregiver or ED medical staff facilitation, for example, to blow bubbles or tell a story to the child. 28, 30 In the ED, time and staff pressures can reduce staff availability to serve this role for children undergoing invasive procedures. 3 Furthermore, caregivers are usually distressed themselves, and therefore may not be able to facilitate distraction for their child. 28, 33 Ditto is able to provide both procedural preparation and distraction without requiring additional staffing to facilitate the process due to its intuitive design and user-friendliness for children and parents. 15 This can relieve staff pressures and takes the extra responsibility off caregivers.
Limitations
Several limitations need to be acknowledged in this study. Principally, due to the nature of research in the nonpharmacological field, assessors, that is, caregivers, nurses, and participants, could not be blinded to the distraction methods being used. Nevertheless, care was taken to minimize bias in this study including (1) assessors were blinded to the process of randomization and (2) biased treatment effects were reduced as the study was described as exploring the different types of distraction methods in pain management, hence, minimizing the emphasis of the Ditto device over StDis or PSP groups. Next, as StDis was confined to the practice at Royal Children's Hospital's ED, precautions should be taken when generalizing these results to other pediatric ED settings where standard practices differ significantly. Lastly, to prevent interruption of the distraction process, pain and distress scores "during IV cannulation" were recorded retrospectively, that is, within 2 minutes after the procedure. This method of retrospective pain measurement may have had an impact on children's self-report of pain levels, if unable to relate back to how they felt exactly during the procedure.
Recommendations
This study could be further expanded to investigate the circular nature of caregiver anxiety and child-reported pain when the child is undergoing IV cannulation in the ED. From the results of the current study, caregivers observed significantly reduced child pain levels associated with children accessing Ditto-C as compared to StDis, while child-reported pain also presented a similar, although not significant change. A potential further study could examine the use of Ditto-PP stories in managing caregivers' ability to cope and hence, be more emotionally available to support the child; and additionally, investigate how this translates to impact child-reported pain.
Considering how technology is advancing so quickly, games and distraction media within the Ditto need to be constantly updated and improved, to ensure children's engagement with the distraction content. With the widespread use of handheld tablet computers, it is also worth venturing into the creation of customized applications with age-appropriate preparation and distraction content to be used on these easily accessible devices.
CONCLUSIONS
This study supported the use of Ditto in positively managing pain and distress levels in children undergoing IV cannulation in the ED, as observed by caregivers and nursing staff. The combined approach via Ditto was indicated by caregivers as being a better intervention, achieving significantly lower pain levels observed in children during IV cannulation, as compared to StDis, PSP, and individual Ditto-PP and Ditto-D approaches, respectively. The Ditto uses customized technology-based interventions, which offers a promising opportunity to negotiate barriers present in EDs, such as increased time pressures and the lack of available staff to facilitate nonpharmacological pain management interventions during pediatric procedures. Further actions from this study may include exploring the circular nature of caregiver anxiety and child-reported pain, as well as investigating the use of Ditto in other healthcare settings, to manage pain and distress associated with IV cannulation.
